1 5 Due to the low yield of tanshinones and their analogues in Salvia miltiorrhiza, there 1 6 are all kinds of stimulation strategies having been applied to improve tanshinones 1 7 output in plant tissue cultures. Endophytic fungi have formed various different 1 8 relationships with their host plants withstanding host and environmental factors, 1 9
D38 was cultured with hairy root for 18 days and sampled on 0, 6, 12 and 18 day 1 3 6
respectively. Each treatment has three repeats at each time for blank groups and 1 3 7 experimental groups and nutrient solution was changed every 6 days. pressure steam sterilization pot to remove free protein substances. Afterwards, the 1 4 7
D38 mycelium solution was decompressed and filtrated as D38 elicitor. Immunocytochemical staining for the observation of D38 infection 1 5 0
Immunocytochemical staining procedure of root tissue was originally described by K.
1 5 1 F. Störkuhl (Störkuhl et al. 1994) . Fresh Salvia miltiorrhiza hairy root tissue was fixed 1 5 2 in 4% paraformaldehyde for more than 24 h. The hairy root tissue was subsequently 1 5 3 repaired level in the fume hood with a scalpel and then the tissue and the 1 5 4 corresponding label were put in the dehydration box. Next, the dehydration box was 1 5 5 put into the basket and dehydrated with gradient alcohol in turn. After that, waxed 1 5 6 tissue was placed in the embedding machine and added with corresponding was put into dimethylbenzene xylene I for 15 min, dimethylbenzene xylene II for 15 inverted in the fluorescence microscope to collect images (Nasr et al. 2006 ). and was taken sampling every 2 months from September, 2016 to March, 2017 for the 1 9 0 measurement of morphological indexes, biomass and bioactive substances content. and put into 10 mL centrifuge tube. Accurately draw 4 mL of methanol using 5 mL 1 9 6 pipette and add it into the centrifugal tube. After ultrasonically extracted for 60 min, the sample solution was filtered with 0.45 syringe filter, which was further used for 1 9 8
HPLC analysis. The analysis was performed on an Agilent-1100 system using a Hairy roots were divided randomly into blank group and D38 groups which were 2 1 0 cultured for 18 days and nutrient solution was changed every 6 days. Hairy roots of 2 1 1 two groups were sampled at 0, 6, 12, and 18 day and preserved in -80 °C refrigerator. The total RNA of samples were extracted with mir Vana™ miRNA isolation Kit as follows: initial degeneration at 95 °C for 15 min, subsequently 40 cycles of 95 °C 2 2 0 degeneration for 10 s, and finally 60 °C annealing extending for 30 s. The specificity 2 2 1 of product was detected by using the melting curve, in which temperature was 2 2 2 elevated slowly from 60 °C to 97 °C, gathering five fluorescent images every °C. The 2 2 3 relative gene expression was quantified using the comparative CT method. Table1. The real time-PCR primer of gene.
6
Gene name Primer
Data analysis 2 2 8
The data of HPLC analysis and semi-quantitative real-time PCR of hairy root 2 2 9
cultures were anlyzed by one-way analysis of variance (ANOVA) through SPASS was 99% ( Figure 2 ). According to the molecular data, the strain was identified to the 2 4 6
genus Chaetomium globosum. After the treatment of co-culture between hairy root and different concentration of under the co-culture with D38 inducer solution ( Figure 5 ). And the content of After extracting RNA and get cDNA through the reverse transcription reaction, the quantitative PCR in the tanshinone biosynthesis pathway ( Figure 6 ). Effects of D38 fertilizer on the tanshinones accumulation in S. miltiorrhiza roots 3 1 0
After the treatment of co-culture between each S.miltiorrhiza seedling and 20g D38 fold than the control in Sept. 2016, and kept the rise rate in the following two months.
2 4
That was to say D38 was a growth-promoting endophyte, which can facilitate the 3 2 5 growth of S.miltoirrhiza hairy root.
2 6
In addition, phenolic acid and tanshinones content per unit of root mass was total content of bioactive substances is increasing continually during the half year. The rosmarinic acid content per unit of D38 fertilizer treatment was higher than the content per unit of D38 fertilizer treatment was higher than the control by 21% in Nov. indicated D38 exhibited obvious effects on secondary metabolism of S.miltiorrhiza 3 7 4 ( Fig. 3, Fig. 5 ). EM is predicted to be one of the main active constituents responsible increased obviously (Fig. 6 ). However, our present work is the first test to include 3 7 9
Salvia miltiorrhizahairy root co-cultured with endophytic fungal as an effective 3 8 0 strategy for improving tanshinones production in S Miltiorrhiza hairy root. As far as One report indicated that tanshinones had much stronger antimicrobial activity The authors declare that they have no conflict of interests. The work was supported by Tanshinone IIA content. Interactions between nitrogen fixation, mycorrhizal colonization, and host-plant Ecology and genomic insights on plant-pathogenic and -nonpathogenic endophytes.
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